Abstract-Effects of a newly synthesized alpha-adrenoceptor blocking agent,
Abstract-Effects of a newly synthesized alpha-adrenoceptor blocking agent, 3-[2-[4-(2-methoxyphenyl)-1
-piperazinyl]ethyl] -(1 H, 3H)-quinazoline-2, 4-dione monochloride (SGB1 534), on the electrical and mechanical properties of smooth muscles of guinea-pig mesenteric artery and on the electrical properties of smooth muscles of rat tail artery were investigated.
SGB1 534 (10-10 M-10-5 M) did not modify the membrane potential and ionic conductance of the membrane in guinea pig mesenteric artery, but this agent did inhibit depolarizations induced by nor adrenaline, phenylephrine, or histamine with similar potencies.
This agent inhibited serotonin-induced depolarization, but with a weak potency. In rat tail artery, the noradrenaline-induced depolarization (10-5 M) was inhibited by yohimbine (5X10-7 M), but not by SGB1534 (10-6 M). SGB1534 (10-6 M) did not modify the amplitude of excitatory junction potentials (e.j.ps), the facilitation process or spike potential evoked by perivascular nerve stimulation in the mesenteric artery. Noradrenaline, phenylephrine or histamine evoked the contraction in guinea-pig mesenteric artery, and this contraction was inhibited by SG B1534 (over 10-10 M). The serotonin-induced contraction was inhibited by higher concentrations of SGB1534
(over 10-6 M). The concentration of SGB1534 required to inhibit the contractions evoked by these amines was much higher than that required to inhibit the depolarizations. SG B1534 (<10-6 M) had no effect on the excess K-induced depolarization and contraction. These results indicate that SGB1534 possesses the property of an alpha,-but not alpha2-adrenoceptor blocking agent. In addition, this agent possesses a histaminergic receptor blocking action and a weak serotonergic receptor blocking action.
(SGB1 534) , was prepared as an alpha-adrenoceptor blocking agent for application in clinical anti-hypertensive therapy.
Based on their pharmacological properties, alpha-adrenoceptors can be classified into alpha, and alpha2-subtypes (1, 2) : alpha, -adrenoceptors are located on the post-junctional smooth muscle mem brane, and alpha2-adrenoceptors are located on the pre-functional nerve terminal and also on the post-junctional smooth muscle mem brane (3). In addition to these subtypes, a new type of receptor that responds to alpha agonists (1-receptor) has been proposed to exist in the post-junctional membrane; r receptors are located in the intra-junctional membrane and alpha, -adrenoceptors in the extra-junctional membrane (4). To observe the effects of SGB1534 on the post-junctional alpha2-adrenoceptors, we used rat tail artery which possesses both alpha, and alpha2-adrenoceptors (9). Fur thermore, effects of SGB1 534 were observed on the responses to histamine and serotonin to clarify whether or not this agent is selective only for alpha-adrenoceptors.
Materials and Methods
Materials: Guinea-pigs of either sex (250 300 g) were stunned and bled. The mesenteric arteries from the vascular bed of the ileum, along with both veins and lymph vessels were excised.
Arteries with an external diameter of between 120-180 ,gum and about 5 mm in length were mounted in an organ bath (capacity, 2 ml). Rats of either sex (Wistar-King A: 100-150 g) were stunned, and the tail artery was excised under a binocular microscope. The tissue (200-300 ;tm diameter) was immediately placed in a dissecting chamber filled with oxygenated Krebs solution.
Solution: The ionic composition of the Krebs solution was as follows (mM): Na+, 137.4; K+, 5.9; Mgt+, 1.2; Cat+, 2.5; HCO3-, 15.5; H2PO4-, 1.2; CI-, 134 and glucose, 11.5. High-[K]0 solution was prepared by replacing NaCI with KCI, isosmotically.
Recording of electrical activity: For stimu lation of the muscle or perivascular nerves, the partition stimulating method was used. For muscle stimulation, a 1-2 sec current pulse was applied to the long axis of the mesenteric artery; and for nerve stimulation, a pulse 0.05-0.1 msec in duration was applied. A glass capillary microelectrode (Hilgenberg Glass, Frankfurt) filled with 3M KCI and with a tip resistance of 40-80 MQ was used to impale single cells and the electrical activities of the muscle membrane were recorded (Nihon Kohden Recticorder, RJG (4024), Tokyo).
Recording of mechanical activity: Me chanical responses of the mesenteric artery (0.5-0.6 mm in width and 0.5-0.6 mm in length in a circularly cut preparation) evoked by chemical stimulation were measured using a strain gauge after pretreatment with 3x10-7 M tetrodotoxin (TTX) and 10-6 M guane thidine.
Drugs: Chemicals used in the experiments The mean resting membrane potential of smooth muscles of guinea-pig mesenteric artery was -72.4+2.1 mV (n=1 10), and the muscle membrane was electrically quiescent, but on rare occasions, small amplitudes of miniature excitatory junction potentials were generated as has been reported (9, 10).
The effects of SGB1 534 were observed on the resting membrane potential and membrane the smooth muscle membrane of guinea-pig mesenteric artery in a dose-dependent manner, at concentrations over 10-6 M. This depolarization was not affected by pretreatment with 5x`10-6 M cimetidine.
With application of 10-10 M SGB1 534, the depolarized membrane was not affected, but 10-9 M SGB1534 completely prevented the depolarization of the membrane induced by 10-5 M histamine. Serotonin also depolarized the membrane at concentrations of over 3X10-6 M (P<0.05). SGB1534 inhibited the depolarization induced by serotonin (10-6 M-10-5 M); concentrations of SGB1534 required to block completely these depolarizations were over 10-6 M, the concentrations being about 1000 times higher than in the case of noradrenaline or hista mine-induced depolarization (Fig. 2b) . Figure 3 shows the effects of SGB1 534 on the noradrenaline-induced depolarization of the smooth muscle membrane of rat tail artery. The muscle membrane of rat tail artery was also electrically quiescent as that of guinea-pig mesenteric artery. The mean resting membrane potential was -64.5+2.3 mV (n=50). Application of noradrenaline (over 10-6 M) depolarized the membrane (P<0.01 ). These depolarizations were blocked by application of 5 X 10-1 M yohimbine, but not by that of 10-6 M SGB1 534.
Effects of SG B1534 on the neuromuscular transmission in guinea-pig mesenteric artery:
In guinea-pig mesenteric artery, perivascular nerve stimulation (0.05-0.1 msec pulse duration) evoked the excitatory junction potential (e.j.p.). The amplitude of this potential was markedly reduced by 20 min pretreatment with guanethidine (10-6 M) or tetrodotoxin (3X10-7 M) (8). When peri vascular nerves were stimulated repetitively at frequencies over 0.1 Hz, amplitudes of the e.j.ps were gradually enlarged and reached to a certain level (facilitation). Figure 4a shows the effects of SGB1534 (10-s M) on the e.j.ps evoked by nerve stimulation at 1 .0 Hz frequency. Application of SGB1 534 (10-6 M) marginally reduced the amplitude of the e.j.ps, but the inhibition was statistically not significant (P>0.05).
In Fig. 4b , two pulses with the same intensity were applied to the tissue at various intervals (1-5 sec). The amplitude of the e.j.p. evoked by the second pulse (y) was consistently larger than that evoked by the first pulse (y,,). When the ratio of (y-y,,)/y0 was plotted on a log scale against the interval of two pulses (1-5 sec) on a real scale, the relation showed a single exponential decay (11 ). Under pretreatment with 10-6 M SGB1 534, this linear decay of the amplitude duration relationship was not affected. These results indicate that the facilitation of the e.j.ps evoked by repetitive nerve stimulation is not affected by SG 131534. A spike potential was triggered on the e.j.ps. SGB1534 (10-5 M) did not modify the amplitudes of the e.j.ps and spike potentials (data not shown).
Effects of SGB1534 on the mechanical response:
Applications of excess concen trations of K depolarized the membrane and produced a contraction. The concentration of K required to produce a contraction was 20.2 mM at the membrane potential of -63 .2+2.3 mV (n=30). In 118 mM K. the membrane was depolarized to -5.1 +0.4 mV, (n=30), and the contraction reached the maximum amplitude. SGB1534 (10-6 M) neither modified the membrane potential nor the contraction evoked at any given concen tration of K (over 20.2 mM). Throughout the experiments, 10-6 M guanethidine was applied in the perfusate to prevent the possible involvement of neurotransmitters.
With application of over 10-6 M nor adrenaline or phenylephrine, a contraction was produced. Figure 5 shows the effects of SGB1534 on the contraction evoked by noradrenaline (a) or phenylephrine (b). The amplitude of the contraction evoked by 10-5 M noradrenaline or phenylephrine was registered as a relative tension of 1.0. With application of SGB1534 (10-10 M-10-9 M), the amplitude of the noradrenaline or phenylephrine-induced contraction was con sistently inhibited. of the e.j.ps (7). Post junctional muscle membranes in the guinea pig mesenteric artery possess intra-junctional and extra-junctional adrenoceptors. The alpha -adrenoceptor blockers inhibit the latter, but not the former (12). On the other hand, in the rat tail artery, the alpha2 adrenoceptor is found on the post-junctional muscle membrane (9). plication of phentolamine or yohimbine enhances the amplitude of the e.j.p. evoked by repetitive stimulations (8). This enhance ment is attributed to the inhibition of alpha autoregulation mechanisms through ac tivation of alpha2-adrenoceptors in the pre junctional nerve terminals (8). These results also indicate that this new agent has no alpha2-adrenoceptor blocking action on the pre-junctional nerve terminals. SGB1 534 blocked the excitatory effects of histamine and serotonin to smooth muscles of guinea-pig mesenteric artery. These effects of histamine appeared in the presence of cimetidine. In guinea-pig, histamine produces vasoconstriction through activation of the H1-histaminergic receptor (13). Therefore, the histamine-induced responses may be mediated through activation of H1 histaminergic receptors. However, the responses to serotonin were relatively resistant to SGB1534, and higher concen trations of SG B1534 (over 1000 times) were required to inhibit the serotonin-induced responses.
Thus, SGB1534 blocks hista minergic and serotonergic receptors in addition to alpha, -adrenoceptors.
We conclude that SGB1 534 is an alpha, adrenoceptor blocker. In addition, this agent also blocks the histaminergic and sero tonergic receptors; however, no inhibitory effect can be seen on the alpha2-adre noceptors.
